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Abstract. Additive Manufacturing (AM), commonly known as 3D printing, represents an
innovative technique for crafting objects by layering materials based on digital blueprints. This
method offers a range of advantages, encompassing tailored customization, rapid prototyping,
and the fabrication of intricate forms using an array of materials. The process involves the
gradual deposition of successive material layers to create the final product. Notably, a robust
support structure is indispensable, particularly in 2.5-axis printing, to avert deformities,
dislocation, and the potential collapse of the printed model. However, prevailing support designs
in AM processes, such as columnar supports, give rise to challenges linked with the wastage of
materials and time-intensive procedures. To counter these issues, this research undertakes the
development of an innovative truss support methodology. Through substantiated findings, the
author showcases how integrating a truss support structure can enhance support strength without
necessitating extra material consumption. This revelation underscores the key potential of truss
structures in AM, promising amplified efficiency and diminished costs in practical applications.
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1. Introduction
FDM, which stands for Fused Deposition Modeling, is a common additive manufacturing technique. It
involves heating and melting a thermoplastic filament that is then deposited layer by layer onto a
building platform using a nozzle, creating a three-dimensional object [1]. FDM technology is relatively
simple and does not require expensive components such as a laser. It is easier to operate and maintain
and has virtually no restrictions on the usage environment. It can be placed in an office or home for use.
The raw materials are provided as filament spools, which are easy to transport and replace quickly.
Additionally, FDM printers are relatively affordable in price. Thus, FDM has become the most common
technology in commercial use. Since in FDM, 2.5-axis printing is a common method, which allows
movement in the X and Y directions but cannot print vertically along the Z-axis, support structures are
required to address the challenges posed by overhangs or cantilevered structures. These support
structures temporarily support the overhanging sections of the printed object during the printing process,
ensuring stability to prevent deformation. Therefore, many supports are necessary for some printing
models due to the disadvantage of 2.5-axis printing.

Traditional support methods include grid support, columnar support, tree support, etc. [2, 3]. These
support methods are simple to use and can be quickly formed. However, traditional support methods
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also have the issue of material wastage. Traditional support structures typically require a significant
amount of support material, which increases material consumption and waste. Particularly for large and
complex printed objects, the support structures can consume considerable material, increasing costs.
Traditional support designs often result in material waste and increased costs while limiting the
improvement of manufacturing speed and efficiency [4]. In Schmidt and Umetani’s research, they
designed a branch-like support structure and proved that branch-like support could decline the printing
time cost and reduce a large amount of material use [5, 6]. However, they did not determine the support
strength. Thus, a specific new support structure is waiting to be found, and certain properties are needed
for measurement. Considering the structural advantages of truss systems, characterized by high strength
and minimal material consumption, this research aims to design a simple truss structure and then
compare and analyze column support with truss support by controlling variables. The objective is to
demonstrate the potential application of truss support structures in 2.5-axis printing.

2. Overview of truss structure

The truss is one of the major types of engineering structures. It is a type of construction composed of
straight bars assembled into triangular units, either on a flat plane or in three-dimensional space. These
bars are connected by hinges or rigid joints, forming a framework with specific load-bearing properties
(Figures 1 and 2) [7]. Truss structures such as bridges (Figure 3), roofs, and towers are widely utilized
in engineering projects. By distributing forces along the bars, truss structures efficiently use the materials’
strength while minimizing the impacts of shear and bending [7].

c

; D
AGe lesa™ B

l)

Figure 1. A simple truss structure [7].

Truss structures have the following advantages: First, truss members mainly bear axial tension or
compression, which can fully use the strength of the material, save material compared with solid web
beams, reduce self-weight and increase stiffness when the span is large. Second, the design, fabrication
and installation of trusses are relatively simple. Therefore, it is possible to apply truss to 3D-printing
practical work. Third, the forms of truss structures are diverse, and the appropriate truss form can be
chosen according to different loads, spans, support modes and construction conditions, such as triangular,
trapezoidal, polygonal, hollow, etc. [8-12]. And also, due to its simple components, the truss may help
reduce some post-processing work. For example, they may be easy to remove and avoid large damage
to the printing model.
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Figure 2. A simple space truss [7].
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(a) The model of the truss structure. (b) The model of columnar structure.

Figure 4. The model of truss support (a) and columnar support (b) with the fixed methods and the
loading conditions (Photo/Picture credit: Original).

3. Research methods
To study the stress, strain and deformation of truss structure under external force, this study used
SolidWorks Simulation to perform finite element analysis. The detailed operation steps were as follows:
Draw the truss and columnar structure models in the project file and set the dimensions and boundary
conditions. This study made the volumes of the truss structure and columnar structure close, which were
96.897 mm3 and 97.024 mm3, respectively (Due to the presence of welding points in truss structures,
there may be small errors in the volume parameters), and their height was 50.8 mm. Then, get the model
of 2 structures (Figure 4). Apply the same vertical downward pressure of 1 N/mm? to the supporting
points at the top surfaces of the two structures. Setting the grid accuracy to 0.5 mm and the gravity
acceleration to 9.81 N/kg.

Select the material properties for each member of the two structures. This study chose ABS because
it was a common engineering plastic in commercial 3D printing. Run the static simulation, observe and
record the distribution graphs of stress, deformation and strain of the two structures (Figure 5).
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(a) truss-stress. (b) truss-dislocation. (c) truss-strain.
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(d) columnar-stress. (e) columnar-dislocation. () columnar-strain.

Figure 5. Simulation result graphs for truss structure (a, b, ¢) and columnar structure (d, e, f)
(Photo/Picture credit: Original).

4. Results and discussion

The simulation compares the truss and columnar support structures, focusing on the maximum stress,
dislocation and strain when 1 N/m? pressure was added on the top supporting surfaces. First, define the
consumption of the 2 structures. Vtruss = 96.897 mm?® = VColumnar = 97.024 mm?>. There are a large
number of welding points in truss structures. The volume of the 2 structures can be kept the same in an
acceptable range. This step is to control the variables.

Then, for the maximum stress, dislocation and strain. The truss structure exhibited maximum stress
of'4.768e+03 Pa, maximum dislocation of 3.495e-05 mm, and maximum equivalent strain of 1.538e-06.
On the other hand, the columnar structure had a maximum stress of 5.890e+02 Pa, maximum
deformation of 3.459¢-06 mm, and maximum equivalent strain of 2.441e-07. These values of the truss
structure are an order of magnitude larger than the columnar structure, showing that the truss structure

deforms far more and experiences far more intense internal stress distribution when external forces are
added.
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This result seems strange. The dislocation of the truss structure is more severe than the columnar
structure. However, it does not mean the columnar structure is better than the truss structure because its
maximum stress and strain values are far higher. On the contrary, it shows that the truss has more
possibility to bear more force. The main reason is that the bars in a truss structure primarily bear axial
tension or compression, but the bars in a columnar structure must also load shear and bending moments.
Thus, the truss structure can spread the forces into various components more uniformly, while the
columnar structure cannot. To explain the analysis more precisely and visually, compare the two
structures' stress and strain distribution simulation patterns. In the simulation result graphs, it is evident
that the truss structure shows a more uniform color distribution of stress and strain, with each bar
covering a different color variation relating to the values of the forces it bears. While for the columnar
structure, the color of stress and strain distribution is more uneven. Although it produces lower stress,
strain, and deformation, it does not imply superiority over a truss structure. In fact, the distribution of
stress and strain is more uneven in a columnar structure. The uneven distribution means that certain parts
may be unable to withstand the forces, potentially resulting in overloading or failure of some bars.
Therefore, this lower stress, strain, and deformation do not indicate increased strength but rather an
inadequate utilization of material strength and an uneven concentration of external forces on specific
members. Therefore, it can be concluded that the truss support structure has higher material efficiency
and lower costs in permitted conditions. It also provides greater stability and safety.

5. Conclusions

In conclusion, this study aimed to compare truss and columnar structures' support performance in 2.5-
axis printing, an important topic in additive manufacturing. SolidWorks simulation software was the
primary method for conducting finite element analysis on structures under identical volume and external
force conditions. The simulation results revealed significant disparities between the truss and columnar
structures. Notably, the truss structure demonstrated superior utilization of material strength compared
to the columnar structure. This signifies that the truss structure efficiently employed the material,
resulting in a higher strength-to-weight ratio. Consequently, the truss structure displayed favorable
support performance while minimizing material consumption, which holds notable advantages in cost-
effectiveness and resource conservation.

Moreover, the simulation results indicated that the truss structure displayed a more uniform stress
and strain distribution than the columnar structure. This uniform distribution suggests that the truss
structure effectively redistributes the load, mitigating the likelihood of localized overloading or failure.
The enhanced stress and strain distribution bolstered the truss design's overall stability and structural
integrity. In sum, this study showcases the truss structure’s potential to fulfill the demands for support
strength and printing efficiency in additive manufacturing. The truss structure presents heightened
material strength utilization and offers improved stability through an even stress and strain distribution.
These findings provide valuable insights for designers and engineers seeking to optimize support
structures in additive manufacturing processes. Overall, this research underscores the advantageous
support performance of the truss structure, with the added benefits of reduced material consumption.

However, many relative problems still need to be solved: Refinement of the truss support method:
Future research can focus on optimizing the design parameters and configurations to achieve even higher
support strength and efficiency. Or design an algorithm to automatically generate truss support based on
the model. Varied load conditions: This study only considered vertical downward pressure. Future work
can investigate truss support performance under different load conditions, such as lateral forces or
dynamic loading. This would evaluate the capabilities and limitations of the truss support more precisely.
Comparison with other support methods: Compared with current support structures, such as lattice and
tree-like structures, it can help select the most proper method for different conditions.
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